We study the possibility that this boson is the light Higgs boson h 0 (0 + ), and study its decay modes to a bb which reduces to an Υ(mS) (m = 1 or 2) andlℓ which reduces to a γ, using the Cartan's supersymmetry. The spin structure of bb andlℓ and the interaction of bb andlℓ can produce 3 energy states of the sum of bb andlℓ energies.
where tan β = ν u /ν d , for neutral massive states.
When cos 2β = 0, m 2 h 0 = 0, m 2 H 0 = m 2 A 0 + m 2 Z , and m Z = 91.2GeV, m H 0 = 125GeV [5] gives m A 0 = 85.5GeV.
and m W = 80. 4 GeV yields m H ± = 117 GeV.
There is a report of the search of H + [3] using the t → H + b decay and H + → τ ν τ which yields m H + = 120GeV, but in this analysis, the branching fraction B(H + → τ ν τ ) could not be well determind, and it was assumed to be equal to 1. We expect that it is due to instability of the H + state. The requirement that m 2 H ± = m 2 W + m 2 A 0 = (120 GeV) 2 gives m A 0 = 78.0 GeV and m H 0 becomes 125 GeV, with m A 0 = 78.0GeV and cos 2β = ±0.1878.
The fixed cos 2β gives the mass squared of h 0
Near this energy region there are χ b0 (1P, J P C = 0 ++ , 9.86 GeV), χ b1 (1P, J P C = 1 ++ , 9.89 GeV) and χ b2 (2P, J P C = 2 ++ , 10.23 GeV) which are expected to be made of bb and a state which is called χ b (3P, 10.53 GeV). The scalar boson χ b (3P ) decays radiatively to Υ(1S) and Υ(2S), and its C = + but its J P is not well known [1, 2, 14] .
The mass of χ b (3P ) is slightly below the BB threshold and there remains a possibility that the SUSY-breaking potential [6] ,
where v > 0, makes a H ± unstable, and a h 0 appears as a χ b (3P ).
In order to study the decay of h 0 (0 + ) into Υ(mS)γ, where m = 1 or 2, we adopt the model similar to that used in H 0 → ℓlℓl → 2γ [7] [8] [9] [10] [11] [12] . In the case of H 0 decay diagrams, the upper right circle represents the quark that propagates in the H 0 , and the lower left circle represents the antiquark that propagates in the H 0 , and a pair annihilation of the quark and the antiquark were considered. In the present case we consider aand an ℓl are directly produced in h 0 (0 + ) and the quark becomes a b quark and a vector particle, which we denote b + γ and the anti-quark becomesb + γ ′ . The b and theb becomes correlated to make Υ(1S, J P C = 1 −− , 9.46GeV), or Υ(2S, J P C = 1 −− , 10.02GeV). The γ is absorbed by thel which is produced in h 0 and the γ ′ is absorbed by the ℓ ′ , and in the final state there remains alℓ ′ after absorption of γ, γ ′ which pair annihilates to a γ.
Typical diagrams in which helicity of the bb are chosen along i or k are shown in Figures 1-12 . There are other diagrams in which chosen helisities are along i and j, or along j and k.
In these diagrams, bosons that produce ψ Cψ s are denoted by h 0 , and bosons that produce φ Cφ s are denoted by h ′ 0 . The quark ψ changes to Cφ and the antiquark φ changes to Cψ by emitting a vector particle x0 or x2. We define, when the helicity of the quark and lepton are parallel, the exchanged vector particle is x0 and otherwise the exchanged vector particle is x2.
We first define the helicity of the produced quark on the upper circle ψ or Cψ in the case of the decay of h 0 , and φ or Cφ in the case of the decay of h 0 ′ . Production ofb or b quark by emission of a vector particle x0 or x2 is assigned using the rule of t φCXψ of Cartan [8] , which is defined as
The quark on the lower part of the right circle is the antiquark of the quark that we considered in the decay of H to 2γ [7] .
When the b quark in the upper left corner of the Figure is defined as ψ or Cφ, we choose the helicity of the antilepton as that of Cψ or φ such that the physical pair creation from the vacuum becomes recovered when the antilepton is replaced by the corresponding antiquark. It corresponds to taking into account quark-antilepton or antiquark-lepton systems of 3 P 0 states. The helicity of the lepton on the lower part of the left circle becomes parallel as that of the corresponding diagram in the H 0 decay, and the helicity of the lepton on the upper part of the left circle is defined as the antilepton of the corresponding lower part of the left circle.
In addition to the diagrams in which the helicity of the b quark and that of the antilepton or the helicity of theb and that of the lepton ℓ, or the helicity of b and that of the antileptonl in the upper left corner of the diagrams are parallel, we consider diagrams in which the helicity of the antilepton is replaced by that of the lepton, and that of the lepton is replaced by that of the antilepton. By this method the helicity of the b quark and the lepton become parallel.
In Fig.1-3 , the Cψ produced by h 0 changes to a φ by emitting a vector particle x0 or x2, and the vector particle x0 produces a lepton Cφ and by interacting with the φ produced by x0 reduces to a γ. Helicity of the b = Cφ and the antilepton φ are parallel, and helicity ofb = φ and the lepton Cφ are parallel.
When a vector particle x2 is emitted, the helicity of b = φ becomes that of lepton φ and the helicity ofb and that of lepton does not become parallel. When x2 is emitted, helicity of antilepton can be the parallel to that ofb or that of the lepton.
As the third diagram, we consider the diagram in which the helicity ofb quark and the lepton i.e. lines on the right lower corner are interchanged. By this method the helicity of the b quark andb become parallel.
In Fig.7-9 , the φ produced by h ′ 0 changes to ab = Cψ by emitting a vector particle x0 or x2 and the vector particles produce a lepton ψ. When an x0 is emitted, helicity of b = Cψ and that of the lepton ψ are parallel, but when x2 is emitted, the helicity of the lepton ψ can be parallel to that of antilepton Cψ.
Discussion and conclusion
We extended the analysis of H 0 → ℓlℓl → 2γ based on Cartan's supersymmetry [8, 13] to h 0 → qqℓl → Υ(bb)γ(ℓl). Different from the H 0 decay, h 0 produces apair, and the q changes to b by emission of a vector particle γ, andq changes tob by emisssion of another vector particle which is denoted γ ′ . The b andb makes a Υ(1S) or Υ(2S). The γ interacts with thel produced in the h 0 and becomes anl and the γ ′ interacts with the ℓ ′ produced in the h 0 and becomes a ℓ ′ , and thel and ℓ ′ pair annihilate and becomes a γ.
In our model, bb in two types of Υ have different helicity and bb in one type of Υ have parallel helicity. Since the initial state is assumed to be 0 + , the helicity of bb in Υ and ℓl ′ of γ in the final states are parallel.
When the helicity of bb are not parallel, the product of coupling b X q andq Xb becomes negative, but when they are parallel it becomes positive. Coupling of the vector particle and leptons or antileptons is defined by the Lagrangian
where
We took here X = A, and ignored mixing of the vector boson Z and γ. When the final state Υ(bb) have different helicities, the γ produced bylℓ ′ have different helicities, similarly. But there are two different states whether the exchanged vector particle is x0 and b andl have parallel helicities, or wheteher the exchanged vector particle is x2 and b andl have different helicities. We expect the χ(1P ) and χ(2P ) assigned in [2] correspond to the initial states which produces this Υ(bb)
When the final state Υ(bb) have parallel helicity, the γ produced bylℓ ′ have parallel helicity. We expect the χ(3P ) corresponds to this initial state which produces this Υ(bb).
Cartan's supersymmetry allows two types of leptons ψ and φ and their charge conjugates, and the interaction with vector fields is fixed. We extended the model by introducing an effective interaction of antileptons and quarks or leptons and antiquarks with parallel helicities x0, and with different helicities x2, in the 3 P 0 states. In the quark pair creation in pp annihilation into mesons, the 3 P 0 model was successful [15] . By a detailed comparison of decay modes of h 0 and H 0 , the structure of the Higgs field will become clarified. . The h ′ (0 + , 11) → Υ(1S)γ(ii) with a vector particle x2 exchange . Figure 10 . The h ′ (0 + , jj) → Υ(2S)γ(ki) with a vector particle x0 exchange. Figure 11 . The h ′ (0 + , jj) → Υ(2S)γ(ik) with a vector particle x2 exchange. Figure 12 . The h ′ (0 + , jj) → Υ(1S)γ(ii or kk) with a vector particle x2 exchange.
